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in Australia were associated with these global reversals. Although there were little data at that time, Walker emphasized that ocean temperatures play a most important part in world weather. The advent of detailed global databases and rapid computer modeling in recent times has fueled a renewed understanding of the extent and duration of these climate events. Proxy records obtained from Greenland ice cores, tree rings, coral reefs, fish scales and ocean sediments show that abrupt fluctuations in climate have occurred throughout the Holocene. These shifts may occur within a few years and extend for decades to millennia (e.g., Meko, 1992; Cole et al., 1993; Heusser and Sirocko, 1997; Soutar and Isaacs, 1974; Gupta et al., 2003) . These past events and the presently occurring climate changes are generally thought to be related to the extreme phases of the El Niño/Southern Oscillation (ENSO) phenomenon.
Hypotheses explaining the causes of unusual ENSO events are numerous and range from the extrusion of hot lava on the sea floor to variations in the intensity of the sun's radiations. Most climate modelers favor a complex set of changes in the interaction of the atmosphere and ocean that cause fluctuations in trade winds, monsoon intensity, and sea surface temperature (e.g., Somerville, 1996; Pierce et al., 2000) . Although the causes of climate change remain obscure, a clear pattern of atmosphere-ocean events associated with ENSO phenomena has emerged. It is this pattern that gives rise to three month forecasts of ENSO events. However, ongoing ENSO events are superimposed on a progressive rise in mean global temperature. Consequently, their effects are likely to be less predictable and perhaps more intense than previous events (Inman and Jenkins, 1997; Timmermann et al., 1999; Fedorov and Philander, 2000) .
Short-term climate patterns
The seasonal variations in the exposure of the hemispheres to the sun produce changes in the duration of daylight and the angle of the sun's irradiance. These effects modulate solar heating, resulting in variation of the earth's atmospheric pressure field which in turn induces seasonal climatic effects. Warm water also occurs along the coast of California, and both regions experience unusually heavy rainfall. A positive SOI is known as La Niña and it signals the occurrence of colder than normal surface water in the eastern Pacific, but stronger trade winds in the Pacific and southwest monsoons in the Indian Ocean with heavy rainfall in India and on the Ethiopian plateau (Inman et al., 1996) El Niño events and is depressed an equivalent amount during strong La Niña events. The water level increases lead to significant coastal inundation and sea cliff erosion during the intense storms that are common to El Niño events.
Decadal climate patterns
ENSO events occur with dominant spectral peaks at about 3 and 6 plus years.
However these ENSO events are modified by climate changes that occur on decadal time scales of one quarter to one half century. These changes are often discussed in terms of two atmospheric patterns, the Pacific/North American (PNA) and the North Atlantic Oscillation (NAO), and a sea surface temperature pattern, The sediment flux during the three major El Niño events of the wet phase averaged 27 times greater than the annual flux during the dry phase.
The Pacific Decadal Oscillation (PDO) is a long-lived sea surface temperature pattern with cool and warm phases similar in structure to the La Niña/El Niño phases of ENSO cycles (Goddard and Graham, 1997; Mantua et al., 1997) .
Although the phase transitions of PNA and PDO may differ slightly in space and time, both events persist for decades and produce the most visible climate signatures in the North Pacific (Francis and Hare, 1994; Minobe, 1997) . The El Niño dominated phase of the PDO cycle is characterized by a weakening of the trade winds that results in an eastward movement (slosh) of the warm pool of equatorial water normally contained in the western Pacific by the trades during La Niña conditions (Cole et al., 2000) . The sequence of events leading to and associated with the warm (El Niño) phase of the PDO is illustrated in Figure 3 . It has been suggested that the breakdown from a prevailing La Niña to an El Niño occurs when brief bursts of westerly winds near the dateline begin the easterly transport of warm water. The positive feedback from the warm water further decreases the trade winds, beginning the transformation to an El Niño (e.g., Fedorov and Philander, 2000) . Inman et al., 1996 ; pressure data from Redmond and Cayan, 1994] .~0 0.7-2 The North Atlantic Oscillation (NAO) is an atmospheric dipole that retains its polarity with a low over Iceland and a midlatitude high that enlarges and contracts (Wallace and Gutzler, 1981; Hurrell, 1995) 
